In the present work, a p-Cu2O nanostructured electrode and n-Fe2O3 nanotubes electrode, were used as photocathode and photoanode, respectively, for study the splitting of water. In this photoelectrochemical cell (PEC) the oxygen evolution reaction takes place in the photoanode and the hydrogen evolution reaction in the photocathode, both from the water decomposition reaction. In this case, the two electrodes were synthesized by ultrasound-assisted anodization (37 kHz, 60 W) in corresponding sheet metallic. The experimental conditions for the formation of p-Cu2O nanostructures were: 75 V, 75°C and 900 s of polarization in a solution of ethylene glycol with 5% wt of water and 0.5% wt of NH4Cl [1] . On the other hand, the Fe2O3 nanotubes were synthesized at 50 V, 50°C and 180 s of polarization in an ethylene glycol solution containing 3% wt of water and 0.5% wt of NH4F [2] . In both cases, after the anodization, the sheets were thermally treated at 190°C for 90 min in an argon atmosphere for p-Cu2O and for n-Fe2O3 at 500°C for 180 min in an oxygen atmosphere. Subsequently, the electrodes were characterized by DRS, EIE by Mott-Schottky plots obtaining the diagrams of respective bands. Finally, electrochemical measurements were performed with the system Fe|nanotubes n-Fe2O3|0.1 M Na2SO4 (pH 10)|p-Cu2O nanostructured|Cu, where the two electrodes were illuminated. In this context, the system required a bias potential of 0.36 V. This value corresponds to 69.5 kJ/mol, for a current density of 0.3 mAcm -2 . On the other hand, in equal conditions of current density, but using platinum electrodes, a bias potential of 1.50 V (289.5 kJ/mol) was required. In this context, a decrease in the energy cost for the decomposition reaction of water, in an alkaline solution was evidenced.
INTRODUCTION
The solar energy that reaches the earth's surface is greater than the energy that humanity currently needs. Therefore, in the future and taking into account the growth of the world population, this amount of energy could easily satisfy the required consumption. However, low cost devices are required that efficiently transform solar energy into useful energies or non-polluting fuels. An example are the photoelectrochemical cells (PEC), devices employed for the conversion of solar energy into chemical energy, eg., Hydrogen generation from the splitting of water. Currently, it is expected that this type of device is made up of semiconductor (SC) electrodes. Among the promising materials for the manufacture of photoelectrodes, appears for the copper (I) oxide, which is an intrinsic p-type semiconductor with a band gap value of 2.0 eV [1, [3] [4] [5] and iron (III) oxide what is a n-type semiconductor and also has a band gap value of 2.0 eV [2, 6] . The adequate band gap values of both semiconductor materials are suitable for the conversion of incident solar energy from the visible spectrum. Therefore, these are considered as promising materials to be used in PEC as photocathodes and photoanodes, respectively.
In this context, a quasi onedimensional array (Q1D) at the nanoscale will generate structures that exhibit new physical properties, such as a better crystallinity and a higher integration density with a high aspect ratio due to its geometry (size of confinement in two coordinates). That is, charge carriers move a shorter distance to reach the interface [7] . So, the recombination probability decreases thereby increasing the efficiency of the SC. Therefore, in recent years, experimental techniques have been improved, which has allowed greater control of synthesis conditions [8] . Among them, highlights sonoelectrochemistry that is a technique that combines ultrasonic irradiation with electrochemical methods and has proven to be a convenient way to manipulate the size and shape of nanostructured materials [1, 2, 9, 10] . In this way, in recent decades it has been used for the synthesis of various inorganic nanomaterials [11] [12] [13] [14] .
Thus, these nanomaterials are being applied in photoelectrochemical devices. One of these cases is the manufacture of nanostructures for energy storage and fuels production with a high relation between produced energy / CO2 emissions. An example of the latter is hydrogen production from water splitting (eq. 1).
This process correspond to non-spontaneous reaction which it requires 1.23 eV/e [6, 15, 16] . This last is also the standard potential value for the reaction. However, in order to carry out the water electrolysis, using platinum electrodes and to obtain an appreciable gas evolution, at least a potential bias between 1.4 to 1.8 V is required. This potential difference can be reduced employing electrodes based in semiconductors material where part of the energy required for eq. 1 can be obtained from the solar energy.
In this context, the metallic oxides semiconductors such as iron (III) oxide (n-Fe2O3) and copper (I) oxide (p-Cu2O) appear as good candidates. Therefore, the main objective of the present work was to synthesize sonoelectrochemically, nanostructures of p-Cu2O and nanotubes of n-Fe2O3 for use as photocathode and photoanode, respectively. In order to, evaluate a photoelectrochemical cell for the generation of hydrogen from the splitting of water in an alkaline solution at pH 10.
EXPERIMENTAL SECTION

Synthesis
In this work, the synthesis of p-Cu2O and n-Fe2O3 were prepared by ultrasound-assisted anodization of copper foils (Advent Research Materials, 99.9%, 0.25 mm) and iron foil (Advent Research Materials, 99.9%, 0.25 mm), respectively. The experimental conditions for Cu2O were: 75 V, 75°C and 900 s of polarization in a solution of ethylene glycol (EG, 99.8%, anhydrous) with 5% wt of water and 0.5% wt of NH4Cl [1] . On the other hand, nanotubes of n-Fe2O3 were formed at 50 V, 50 ° C and 180 s polarization in a solution of ethylene glycol containing 3% wt of water and 0.5% wt of NH4F [2] . The above process was carried out using a two electrode system: flag shaped 1.0 cm 2 Cu foil as anode and carbon plate, 22.55 cm 2 as cathode; the distance between cathode and anode was kept at 3 cm. The anodized samples are properly washed with distilled water and dried with Argon flow. Subsequently, the sheets were thermally treated at 190°C for 90 min in an argon atmosphere for pCu2O and at 500°C for 180 min in an oxygen atmosphere for n-Fe2O3.
Characterization
The optical bandgap (Eg) value of Cu2O nanostructured and nanotubes of Fe2O3 were determined using Kubelka-Munk equation from diffuse reflectance measurement (DRS) developed in a SHIMADZU UV-2600, the spectra were recorded between 800 and 300 nm, in air and at room temperature. The Mott Schottky plots were realized with a ZAHNER, model IM6e, potentiostat/galvanostat equipped with Thales software. For linear sweep voltammetry (LSV) measurements, an AUTOLAB PGSTAT302 potentiostat/galvanostat was used. In all cases, a conventional three-electrode electrochemical cell was employed. A platinum wire and a saturated mercury sulfate electrode (SMSE, +0.650 vs. HNE) were employed as auxiliary and reference electrodes, respectively. Electrolyte solution contained 0.1 M Na2SO4 pH 10, the pH value was adjusted with a 1.0 M NaOH solution and a potential sweep rate of 5 mVs -1 . In this work, white light was used for the experiences under illumination. For this, a 1000 W Hg: Xe 6295 ORIEL INSTRUMENTS lamp (0.5 sun) was employed.
To carry out the photoelectrolysis process of the water a cronoamperometric measurement was realized. A Teflon cell with two compartments was used, each with optical passages (Fig. 1) . Both photoelectrodes were illuminated with a lamp of 0.5 soles and connected to a power source to impose a bias potential of 0.36 V. The electrochemical cells studied were: Fe|n-Fe2O3 nanotubes|0.1 M Na2SO4 (pH 10)|p-Cu2O nanostructures|Cu. 
RESULTS AND DISCUSSION
The oxides were grown in experimental conditions previously reported [1, 2] . In the present study, the band gap (Eg) value was initially determined as a means of characterization. The Eg value of n-F2O3 nanotubes (2.21 eV) has been previously reported [2] . On the other hand, the Eg value corresponding to nanostructured p-Cu2O (2.27 eV) was determined by DRS measurements (Fig. 2a) . In both cases, it corresponded to a direct transition and the results obtained are concordant with those reported by other authors [17] [18] [19] [20] . The slight increase in band gap values compared to those reported for the respective bulk phases, is associate to the decrease in the crystallite size due to quantum confinement effect. This generates an increase in the energy difference between the valence and conduction bands (band gap). [21] [22] [23] .
In order to determine the semiconductor parameters of synthesized oxides, the variation of the interfacial capacitance was obtained from the Mott-Schottky plots recorded in darkness at high frequency (10 kHz) in unstirred solution at pH 10 (0.10 M Na2SO4) and inert atmosphere. The capacitance variation with potential was recorded in the potential range from +0.25 V to -0.40 V and -0.75 V to -1.25 V for the nanostructured p-Cu2O and n-Fe2O3 nanotubes, respectively. For these measures, a Faraday cage and Pt tip connected to the reference electrode by 10 mF capacitor were employed in order to reduce the noise and error of the measurements at high frequencies. Furthermore, from the semiconductor parameters (EFB and NA or ND) and optical one (Eg) previously obtained, the energy bands diagrams have been constructed (see Fig. 2c ). Figure shows how the bands curve because the values of the Fermi potential of the semiconductors are equal to the value of formal potential of the process to which they favor. Moreover, the photocathode (Cu2O) curves its bands so that the Fermi level equals the formal water reduction potential at pH 10, while the valence and conduction bands of the iron (III) oxide it curves for that the Fermi level equals the formal oxidation potential of the hydroxide ion at pH 10.
From these results, the linear sweep voltammetry was recorded separately for nanostructured pCu2O and n-Fe2O3 nanotubes. In both cases, the measures were made in a conventional cell with three electrodes in a 0.1 M Na2SO4 pH 10 solutions, at room temperature, with illumination and at a potential scan rate of 5 mVs -1 (see Fig. 3a ). showed that an amount of energy lower than that required by a cell of Pt|0.1 M Na2SO4 pH 10|Pt was required (Fig. 3b) , which required a potential difference of approximately 1.50 V (289.5 kJ/mol) for a similar value of current density (0.3 mAcm -2 ) corresponding to a decrease in 1.14 V (220.0 kJ/mol). Fig. 3c . shows the j/t transient of the water electrolysis process for the fabricated photoelectrochemical cell, Fe|n-Fe2O3 nanotubes|0.1 M Na2SO4 (pH 10) |p-Cu2O nanostructures|Cu, with a potential value of 0.36 V and under illumination of both photoelectrodes. The area under the curve was integrated, in order to obtain the total charge (Q = 5.34 C) involved in the electrolysis of water. Through Faraday's law, we can calculate the amount of 0.028 mmol H2 (6.5 x 10 -4 L) produced in the process, assuming 100% current efficiency. The discussion of the results obtained in the present work, show the improvements produced due to the use, in the PEC, of photoelectrodes (anode and cathode) in comparison to published results where only one photoelectrode is employed. In this context and in the study of the oxygen evolution reaction, Sima et al. [6] obtained photocurrent densities in a range between 0.15 to 0.5 mAcm -2 to 1.23 V (vs. RHE) using different samples of n-Fe2O3 as a photoanode, when they were illuminated with sunlight (AM 1.5, 100 mWcm -2 ). On the other hand, Qiu et al. [27] used Fe2O3 nanorods as a photoanode and illuminated with a 100 mWcm -2 solar simulator (AM1.5G). The results obtained were a photocurrent density of 1.036 mAcm -2 at 1.23 V (vs. RHE) and 800°C. Similarly, Kant et al. [28] obtained a maximum current density of 500 μAcm -2 (at 0.5 V vs. SCE) using α-Fe2O3/Au/ZnO as photoanode. The measurements were made in a 0.5 M NaOH solution and under AM 1.5 G illumination.
On the other hand, the use of Cu2O as a photocatode has been reported by Jin et al. [29] in this work, they use Cu mesh/Cu2O as a photocathode which exhibited a photocurrent value of 4.8 mAcm -2 at 0 V vs. RHE under AM 1.5G lighting using a solar simulator. Similar results were reported by Shi et al. [30] with a photocatalyst of Cu2O nanowires covered with a thin film of amorphous carbon. Recently, results have been reported of photocathodes that contain Cu2O in their design. However, they present greater complexity in their synthesis [31, 32] .
CONCLUSIONS
Based on the findings of this work it is possible to establish that the methodology used to manufacture Cu2O and Fe2O3 nanostructures is a low cost and clean technique. Thus, it was possible to synthesize photoelectrodes that proved to be good candidates to be used as electrodes in a photoelectrochemical cell.
From the use of the designed cell Fe|n-Fe2O3 nanotubes|0.1 M Na2SO4 (pH 10) |p-Cu2O nanostructures|Cu, good results were obtained for the oxygen evolution reaction and for hydrogen evolution reaction from the electrolysis of water. The values were a photocurrent density of 0.3 mA cm -2 for an imposed potential of 0.36 V, decreasing in energy cost by 1.14 V, compared to the normal water electrolysis process where platinum electrodes are used. However, there are still challenges to improve. In this regard, carry out studies to increase the stability of the Cu2O nanostructures used in the present work.
